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Gelatin in the  Photographic Process*i2 
By S. E. Sheppard 

RESEARCH LABORATORY, EASTMAN KODAK Co., ROCHESTER, N. Y. 

The fundamental process in  modern photography consists in  the 
making of negatives and positives with gelatino-silver bromide emul- 
sions. The series of operations consists in: ( 1 )  making and coating 
the emulsion, ( 2 )  exposure to light, (3 )  deoelopment, (4 )  fixation. 
washing, drying, with auxiliary operations such as hardening, re- 
duction and intensification. toning and tinting. For the preparation 
of the emulsion, the freedom of the gelatin f rom desensitizing im- 
purities. its relative content of jelling protein and nonjelling hydroly- 
sates, the viscosity of its sols and their setting points, are important. 
The factors governing the oiscosity are discussed in  the light of recent 

work. Exposure is determined by sensitioeness, which again i s  
largely controlled by inhibitory substances in the gelatin. In the 
subsequent processes, the mechanical strength of the jelly phase, and 
the swelling capacity of the gel are important, and their measurement 
and reguIation are noted. The importance of the isoelectric point 
and of the hydrogen-ion concentration for  the behavior of the am- 
pholytic gelatin in  the photographic process is discussed, particularly 
in  relation to the acid-$xing and hardening bath. The behavior of 
gelatin jellies on drying is considered to be explicable without re- 
course to structure theories of the jelly,  

M ODERN photography is almost as much dependent 
upon gelatin as upon silver salts. The work upon 
gelatin which is being carried on a t  the Research 

Laboratory of the Eastman Kodak Company is naturally 
chiefly devoted to its use in photography, and the following 
is an outline of the function and behavior of gelatin in photo- 
graphic processes. 

The two chief classes of photographic material in which 
gelatin plays a role are: (a) gelatino-silver halide emulsion, 
and (b)  dichromated gelatin layers. 

In the former, the part of the gelatin is fundamentally 
that of a binder or suspending medium for silver halides, 
for silver derived from these, or for compounds derived 
from the silver by reactions subsequent to development of 
the latent image. In all these cases the special physical 
and colloid chemistry of gelatin is of great importance for 
correct understanding of the behavior of the plate or film. 

In  the second class cited, the gelatin becomes, through 
the photochemical decomposition of the dichromate, it- 
self art  and part of the image.3 In  fact, the whole practice 
of photographic and photomechanical processes witfh di- 
chromated gelatin, gelatose, etc., depends upon radical 
modifications of the properties of these colloids produced 
by tanning reactions, either directly or indirectly photo- 
chemical. This class is of more importance for photo- 
mechanical than for strictly photographic procedure, and will 
not be discussed directly in this paper. 

GELATINS FOR EMULSIONS 

Although he had forerunners, the credit for preparing the 
first gelatino-silver bromide emulsion is generally ascribed 
to Dr. Maddox, of Liverpool, England (1871). His emulsion 
waa prepared by suspending silver bromide with excess 
silver nitrate in gelatin acidified with nitric acid, and develop- 
ment was effected with acidified pyrogallol to which more 
silver nitrate was added. Maddox’s emulsion, therefore, 
belonged to the first of the two main classes of sensitive 
silver halide preparations: 

(A) Silver halide formed in presence of excess silver salt 
includes wet collodion, collodion emulsion, and most printing- 
out emulsions. 

1 Paper read before the New York Section of the American Chemical 

a Communication No. 143 from the Research Laboratory of the Eastman 

8 I t  may also act as a binder for a pigment, but the pigment is inert. 

Society, January 6, 1922, and the Rochester Section, April 17, 1922. 

Kodak Company. 

(B) Silver halide formed in presence of excess soluble halide 
includes both positive and negative emulsions for chemical 
development. 

It was the previous discovery of alkaline development 
(of collodiobromide emulsions) by Russell which made 
Maddox’s experiment lead the way to the second class of 
emulsions, which hold first place in importance in modern 
photography. 

The value of gelatin for emulsions depends both upon its 
physical properties and its chemical composition. It is 
not necessary to amplify the statement that gelatin is pre- 
eminently an emulsoid or solvated colloid. The high de- 
gree of reversibility of the transition 

a t  conveniently attainable temperatures is a fact of fist 
importance for its use. The formation of the jelly from the 
hydrosol is termed setting, the converse passage from the jelly 
to the fluid solution, melting, and i t  has been customary 
to speak of setting points and melting points. By the former 
is understood the temperature a t  which the solution con- 
gealed; by the latter, the temperature a t  which the jelly 
liquefied. These temperatures are not coincident, as in 
the case of a crystal, and corresponding with this thermo- 
dynamic indetermination are only empirically definable by 
experimental conventions. The writer and S. S. Sweet4 
have shown that the setting-point concentration curves, or the 
melting-point concentration curves, determined under standard 
conditions, are more characteristic of a gelatin than single 
setting or melting points a t  one concentration, although if 
these are taken in the region where the “point” varies linearly 
with the concentration-10 to 20 per cent-a satisfactory 
practical comparison is usually possible. Technical gelatins 
are roughly classified as hard, medium, and soft, in terms 
of the melting point. Using the writer’s apparatus, the 
following typical results were obtained for 10 per cent jellies: 

Hydrosol F= Hydrogel 

SETTING MELTINO 
POINT POINT TRADE 

N O .  KIND OF GELATIN OC. C. DESCRIPTION 
1 Glue (domestic) 18.3 19 .8  Glue 
2 Gelatin (domestic) 2 3 . 2  25.8 Soft 
3 Gelatin (foreign) 22 .2  2 4 . 8  Soft 
4 Gelatin (foreign) 24 .8  a8.o Hard 
5 Gelatin 25 .1  28.5 Hard 

In  common with other physical properties, the setting 
and melting points are largely controlled by the hydrogen- 
ion concentration. With most photographic gelatins this 

4 THIS JOURNAL, 18 (1921), 423. 
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corresponds (in 1 per cent solntion) to a pH between 5 and 
6, under which condition no great variation results. But, 
a8 noted later, this important constant should always 
be determined, in order that due adjustment may be made. 

Fzo I-STLVBK BROXIDS G a ~ r r s  OII Elao~siows (MAONIPZCATION 2500) 

Apart from this, or in the presence of other ionogens in con- 
siderable amount, the value is chiefly determined by the 
proportion of hydrolyzed to unhydrolyzed gelatin. The 
value is lower, the more advanced the hydrolysis which 
converts the protein over into a mixture of proteoses, p e p  
tones, and amino-acids. 

Recent work of C. R. Smith,‘ R. H. Bogne,E and E. T. 
Oakes’ has indicated the highly interesting possibility of 
a thermodynamically definite transition point between 
“sol” and “gel” forms of gelatin. Smith concluded, from 
polarimetric measurements of t,he muta-solutlon of gelatin 
solutions, that the point lay between 33* and 35OC., and 
suggested that it corresponded to a himolecular condenss- 
tion of gelatin molecules. Bogue, from measmements of 
the plastic yield of gelatin hydrosols, finds transition at 
about 35’ C., whereas Davis and Oakes,e from very valuable 

I 
4 

C.nunrrrt,.”, 1” Norm.l,l,.. 

Fro. 2-1x11~oBuc~ 0s G B L A ~ N  ON Avzer(is Ga&m Sxzx 01 S ~ Y B R  
BliOllTDB 

studies of the change of viscosity of gelatin solutions with 
time, have fixed it very precisely at 38.03VC. Some donbt 
m y  be felt at present as to the complete validit,y of these 

J .  Am. Chsm. Soc., 41 (1919). 135. 
W d . ,  44 (2922). lala. 
Ibid.. U (1922). 461. 
Cf. elso the sslvable studies of Atinr on “The Sol and Gel Ststc of 

Gelatin sOlution%” Kollddchmi. Bdhcftc. T (1916). 1. 

conclusions-that is, as to whether the transition point is 
independent of the concentration and origin of the gelatin. 
But the suggestion that what was formerly termed the thermal 
“lag” of gelatin solution is a case of “suspended transforma- 
tion” is of great theoretical importance, while the sttain- 
ment of temperatures of invariance of such a property as 
viscosity is of equal practical weight. 

In the preparation of emulsions, including the coating, the 
properties of the hydrosol are most interesting. They may 
be divided as follows: (1) protective action, (2) viscosity, 
and (3) influence on sensitiveness to light. 

TnE PROTECTIVE ACTION OF GELATIN in the case 
of gold and silver hydrosols is well known. Values for 
the gold n u m b ,  by Zsigmondy and others, give: 

Gelatin.. .................... 0.005 to 0.01 
Casein ....................... 0.01 
Em albumin ................. 0.06 t o 0 . 3  
Dextrin ....................... 10 to 20 

In & recent paperP it has been shown that the gold number 
of gelatins depends upon the dilution of the hydrosol, in- 
creasing therewith, and upon the age of the solution. It 
was not found possible tu satisfactorily differentiate tech- 
nical gelatins on the basis of their gold szzcmbers. 

In the case of silver halide emulsions this protective action, 
which involves inhibition of agglomeration (and crystal 

FIO. ~-SW~.LLLNO 01 Gm.*rrn IN NsON AID HCI. (S /G - Gairs  
W Y * T B ~  PHII 1 G a m  GBLIIIN) 

growth) of amicrons, is doubly important. First, we may 
note that if silver nitrate and potassium bromide solutions, 
with slight excess of bromide, are mixed in darkness snd the 
precipitated silver bromide washed with water, then it is 
found to be immediately reducible by any of the usual 
developers. If quite small amounts of gelatin are added, 
the reduction is greatly slowed down, and this inhibition 
increases rapidly with the amount of gelatin, till a maximum 
effect is soon reached. Sheppard and Mees attributed 
this protective power largely to the insulation of the silver 
halide particles from dust, etc., nuclei, with which effect 
is associated a delay in aggregation of silver amicrons to 
form larger nuclei. It is possible to prepare colloid-free 
silver bromide layers, wbich can give a developable image, 
but chemhlfog occurs much earlier. 

The same protective effect is, however, at work in securing 
finegrained precipitates of the silver halide. Emulsions 
in which the silver halide particles are largely of submicro- 
scopic dimensions are the so-called Lippmam emulsions 
of silver bromide for interference photochromy, and silver 
cbloride positive emulsions for lantern slides and trans- 

1 I*. A. Elliott and S. E. Shcppard, Tam JOVRN&, IS (1921). 699. 
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parencies. For negative emulsions of higher speed the 
grain is considerably coarser, being, in fact, definitely crys- 
talline,1° and one great advantage of gelatin over collodion 
is that i t  permits the growth and ripening of the crystals. 

Heating suspensions tends to agglomerate the particles 
and lessen the dispersity, and since negative emulsions are 
ripened by heat to increase their sensitiveness and density- 
giving power, it has, therefore, been supposed that high-speed 
negative emulsions with coarse grains simply represent a 
stage produced from fine-grained emulsions by heat treat- 
ment and Ostwald ripening. This is not the case. The 
conditions in the preparation of the coarser-grained high- 
speed emulsions are different, and, in particular, the con- 
centration of the reactants is higher, and that of the gelatin 
is lower. The importance of these factors is very definiteiy 
outlined, if not yet completely covered, by Von Weimarn’s 
theory, and is illustrated in Fig. 2. 

The influence of increasing concentration of gelatin in 
extending the region of minimum dispersity, but lowering 
the dispersity itself, is illustrated here. Recent work of 
0d8n1l indicates that the degree of dispersion of the primary 
grains of precipitates (gelatin absent) steadily diminishes 
as the concentration decreases. The maximum observed 
by Von Weimarn and others is due to secondary aggregation; 
this may, however, be of equal importance technically. 

VISCOSITY FACTORS are as follows: 
No. FACTOR INFLUENCE AUTHORITY 
( A )  A t  on8 concentration and at one temberature. areferablv not below 40’ C.  

AND ENGINEERING CHEMISTRY 

H-ion activity 

Cations- e. g., 
from ash con- 
stituents 
Na:+ 2,s. + + 
F e + + +  

Anions - e. g., 
c1- 

Nonelectrolytes 

Composition and 
hydrolysis 

Age of solution 
Rate of shear 

and not abow 50: c.- 
Viscositv is a minimum 

a t  pH 4.7 to 4.8, the 
isoelectric point; rises . 
to  a maximum pH 2 to  
3.3, and again between 
PH 8 to  10 

Viscosity effect depends 
upon concomitant pH 
variation. when pH > 4.8, gelhtin combines 
only with cations. At 
same pH monovalent 
cations give same vis- 
cosity, polyvalent cat- 
ions lower than mono- 
valentl, 

When p H  C4.8, gelatin 
combines with anions 
only. At same pH 
the monobasic acid: 
HC1 KBr ”0: and 
acetic acid give identi- 
cal effect; oxalic, tar- 
taric, succinic, citric, 
and phosphoric nearly 
the same as the mono- 
b a s i c  acids: HzSOI 
gives a lower value” 

Methyl and ethyl alcohol 
lower viscosity, glyc- 
erol and sugars in- 
crease. (Compare ef- 
fect on water) 

Gelatin, even when free 
from congeners such as 
mucin, is amixture of 
unhydrolyzed and hy- 
drolyzed protein; the 
greater the proportian 
of hydrolysates (pro- 
teoses, peptones, am- 
ino-acids) the lower the 
viscosity. (See Tran- 
sition) 

Inhomogeneous systems 
-as suspensions, emul- 
sions colloids-have 
a lo4er limit or yield 
p o i n t  of shearing 
stress, below which the 
displacement IS not 
proportional to  the 
stress. Gelatin sols 

J. Loeb 
R. H. Bogue 
E. T. Oakes 
Oakes’ conclusions dif- 

fer somewhat from 
Loeb’s 

J. Loeb 

J. Loeb 

Levites 
von Schroeder 
R. H. Bogue 

E. C. Bingham 

1’ Trivelli and Sheppard, “The Silver Bromide Grain of Photo- 
Monographs on the “Theory of Photography,” from 

Van Nos- 
graphic Emulsions,” 
the Research Laboratory of the Esstman Kodak Company. 
trand Co., 1981. 

11 Arkis Kcmi, Mineral Geol. (Stockholm), 7 (1920). 
‘1 Complications due to  precipitation of membranes by trivalent‘cationcl 

I* The other polybasic acids combine with gelatin as monobasic. 
excluded. 

No. 

1 

2 

FACTOR 

Concentration 

Temperature 

Transition 

INFLUENCE 
show plastic yield,  ac- 
cording to  concentra- 
tion and temperature 

( B )  ConLentrarion rariablc 
The viscosity of a gelatin 

sol increases very rap- 
idly with concentra- 
tion. The concentra- 
tion region of interest 
photographically ii 
from 5 to  IO pe; cent 
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AUTHORITY 

R. H. Bogue finds tha t  
Hatsrhek’s formula 
is inapplicable per 
be, but may be semi- 
e m p i r i c a l l y  cor- 
rected. Davis and 
Oakes find Arrhe- 
nius’ formula more 
satisfactory 

(C) Temperature and transition 
v ‘iscosity decreases with 

rise of temperature. 
Furthermore, the rate 
of hydrolysis increases 
(de ending again upon 
pH? From recent ex- 
Deriments we find i t  to  
be quite perceptible a t  
bish and low values of 
pH. even a t  50” C. 

From work on the muta- 
rotation of gelatin sols. 
C. R. Sniith concluded 
that a transition point 
between sol and gel 
forms of gelatin ex- 
isted a t  34’ to  35’ C. 
Bogue measured the 
viscosity of gelatin sols 
a t  different rates of 
shear, and deduced 
value from the occur- 
rence of plastic yield. 

Experiments in this lab- 
oratory show plastic 
yield t o  occur a t  differ- 
ent temperatures ac- 
cording to  the concen- 
tration. 

Davia and Oakes have 
attacked the problem 
from the standnoint of 
time variations of vis- 
cosity, and found fo: 
their material 38.03 
C. temperature of in- 
variance. Above or 
below this gelatin- 
water systems may be 
in a state of suspended 
transformation 

S. E. Sheppard and 
F. A. Elliott 

C. R. Smith 

E. T. Oakes 
R. H.  Bogue 

S. E. Sheppard and 
F. A. Elliott 

FXQ. &INStUENCB OF TEMPERATURE ON BWBLLINO LIMIT 

Photographically, the viscosity of gelatin Eolutiom and 
of silver halide emulsions is of great importance, since it 
not only affects the formation of the emulsion, but also con- 
trols the operation of coating or spreading. 
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The average concentration of gelatin in emulsions is from 
6 to 7 per cent, while the sequence of operations in emulsion 
making, particnlarly digestion in slightly acid solution a t  
elevated temperatures, m y  alter part of the gelatin; this 
ia usually only a fraction of the total used. Hence, the vis- 

Fxa. 7 - R ~ r s  011 SW~~LLINO oz GBLAT~NO.SILVSR Baora~o~ Evasmn 

oosity of the given gelatin determines the viscosity of the 
emulsion, and thereby the coating speed. It is further inter- 
esting to note that the coating temperature is usually around 
35" to 40' C.-that is, the region of the putative transition 
point. 

INFLUENCE ON SENSITIVENESS OF Lxom-The early 
conception that the vdue of gelatin in photographic emul- 
sionx consisted in its functioning as a photochemical sensi- 
tizer, by absorption of halogen, has been largely abandoned. 
The most that can be definitely stated a t  present is that 
certain impurities must be reduced to a minimum." In 
Iegard to the chemical analysis, we may note that the ash 
should not much exceed 1 per cent, that copper, lead, and 
iron should be negligible, and chlorides low. On the organic 
side, organic sulfur, giving silver sulfide, should be absent, 

I( Cf. B.V. Storr, Annual Rcpmlr of Socicfr of Chrmicol Induslry on 
Pmgrcrr of ApPXed Chrdislry. No. 2, ST (1918). 405. 

also reducing substances (reducing ammoniacal silver nitrate 
in the dark within 12 hrs.) as well as greasy substances 
and mucins.'6 

F'uricnolis OF GELATIN IN NEOATIVE AND POSITIVE MAKINQ 
When we pass from the preparation and exposure to light 

of gelatino-silver halide emulsions to the operations leading 
to finished negatives and positives, the properties of the 
hydrogel a.re of chief importance. First of these is the jelly 
strength, since. like the wet strength of paper, this determines 
the endurance in many stages of manipulation. Most tests 
for this, following the time-honored linger test for glues, 
have involved determination of the force required to press a 
plunger a definite depth into the jelly." These methods 
are satisfactory for most industrial purposes. There is 
some possibility of error by skin formation a t  the surface, 
however, and no definite elastic const,ant is measured, since 
both compression and shear are effected in unknown pro- 
portions. For these reasons a torsion dynamometer exert- 
ing pure shearing stress on jelly cylinders has been designed. 
This instrument and its operation have already been fully 
de~eribed,'~ so that it will suffice to state that jelly strength 
may be measured therewith, either by the moduk~s of rigidity, 

stress N =- 
strain' 

or by the torsional resilience='/* (stress X strain) atlimit. 
Experiments with this have shorvn that gelatin jellies are 
rigid rand follow Hooke's law nearly up to the breaking point. 
After molding a jelly and keeping a t  0" to 5' C., the rigidity 
increases rapidly a t  first, nud becomes constant in about 
10 to 15 hrs. Between 0" and 10" C. i t  does not vary 
much with temperature, but above 10" rapidly falls, to be- 
come zero a t  the melting point. The relation of the rigidity 
to concentrat.iou does not follow an identical curve with 
different commercial gelatins, hut i t  is approximately repre- 
sented by the equation N =  kc*, where n approaches 2, but 
varies with different gelatins. On varying the hydrogen-ion 
concentration of ash-free. gelatin jellies,'s for concentrations 
from 4 to 10 per cent of ash-free gelatin a maximum rigidity 
(jelly strength) is found at about pH=S, above which the 
rigidity falls off rapidly. The decline from the maximum 

7 

I 
I 

I 

...... 

Fro. 8-Auxoxama 

toward lower pH values is less steep, a flat portion, or shoulder, 
e ~ t i n g  near the isoelectric paint, but no maximum or mini- 
mum. Below pH=3 there is again a rapid fall. Certain 

II Congeners of gelatin, io chondrin. and giving slimy precipitates. 
Is A bibliograpliy of there methods is given in a forthcoming monograph 

~~T~lsJ0~~~~1,11(1920).1007; J .  Am.Chrm.Soc.,lS(1921),53Q. 
by thewriter,on"G=latin and Its Usesin Photography." 

CI. S .  E. Shepprud and S .  S .  Sweet. J .  Am. Cham. Soc., 44 (1PZZ). 1857. 
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anomalies with commercial gelatins have been traced to the 
influence of inorganic ash constituents; thus aluminium, 
a t  0.01 per cent -&O; on dry gelatin, greatly alters the curve, 
a secondary maximum being produced a t  pH = 4. 

Fro. 0-SWELLING OF GELATINO-SILVER BROMIDE EMULSION IN HYDRO- 
CHLORIC ACID 

SWELLING OF GELATIN AND PHOTOGRAPHIC OPERATIONS 

In the operations of development, fixation, washing, after- 
operations as reduction, etc., the most important property 
is the swelling of gelatin in water and aqueous solutions. 
It is this property which makes the gelatino-bromide dry 
plate or film so amenable to the variety of operations used 
in photography. Although much current theory is based 
on the idea that gelatin in swelling does so uniformly in all 
directions, this is not quite exact. In practice, previous 
conditions of drying largely determine the subsequent swell- 
ing. In the photographic emulsion, the adhesion to a 
relatively rigid support prevents swelling taking place effec- 
tively in any direction but that normal to the surface. 
Since swelling forces perpendicular thereto do exist, and come 
into play when the swelling is considerable, the support is 
substrated with hardened gelatin before being coated with 
emulsion. It has been known for some time that the swelling 
of gelatin depends decisively upon the acidity or alkalinity 
of the solution in contact. This has been developed by 
E. R. Procter, and H. R. Procter and J. A. Wilson, in terms 
of Donnan's theory of membrane equilibrium, to explain the 
swelling quantitatively, a t  least on the acid side of the iso- 
electric point. This theory has been discussed very fully 
elsewhere,19 and it is not necessary to enter into details. 
Briefly, it is assumed that gelatin forms a readily ionizable 
salt with the acid; to secure membrane equilibrium the con- 
centration of diffusible ions in the jelly phasc is greater than 
that of the external solution. The tendency of the dif'fusible 
negative ions to diffuse outward is restrained by the cohesion 
of the jelly, and the increase in volume produced is pro- 
portional to the excess concentration of diffusible ion. The 
agreement of the calculated values with experimental ones is 
satisfactory; J. Loeb has shown further that if swelling in 
acids of different concentrations is plotted against the pH 
of the solution, all effective monobasic acids give nearly 
identical curves, sulfuric acid, as a dibasic acid, giving some- 
what lower values. Swelling on the alkaline side also passes 
through a maximum at a certain pH. The general form 
of the swelling curve is illustrated in Fig. 3 and the rapid 
increase in swelling with rise of temperature is shown in 
Fig. 4; in this diagram the abscissas are molar concentrations 
of acid and alkali instead of pH. 

In considering the relation of such curves to the photo- 
graphic process, it must be remembered that the plate or 
a m  is first placed in an alkaline developing solution, in which 
it remains, if time development is used, about 5 min. If 

u H. R. Procter and J. A. Wilson, J .  Am.  L e ~ t h e r  Chem. Assoc , 11 
(1916). 399. 

stand development is used, it remains a longer time, 15 to 
25 min., in a much less concentrated developing bath. It is 
then rinsed in water and transferred, usually, to an acid 
fixing bath. The acidity of this is not very high (pH 4 to 
5, see later), but in any case the gelatin has to pass back 
through the isoelectric point of minimum swelling. Before 
considering what effect such variations may produce, it will 
be well to note the order of magnitude of normal swelling 
with photographic films, and its change with time. Since 
under normal conditions the gelatin can only swell perpen- 
dicularly to the plane of the plate or film, the swelling can 
be measured either by weighing or by measuring the thick- 
ness. In Fig. 5 is shown the rate of swelling of a photographic 
emulsion followed by weight. In this case sodium carbonate 
solution was used, this being a generally used alkaline com- 
ponent of developers. In Figs. 6 and 7 are illustrated the 
course of swelling of an emulsion in sodium sulfite solutions, 
and in a pyrogallic acid developer with sodium sulfite. 
All these determinations were made by the weighing method. 
This procedure is time-consuming, and not applicable where 
it is desired to follow the progress of swelling simultaneously 
with an actual photographic operation-e. g.,  development. 
To accomplish this the writer has designed an instrument 
to measure the thickness a t  any stage. This instrument, 
which may be termed an auxometer, is illustrated in Fig. 8. 
It consists of a micrometer carrying a delicate balance beam; 
a t  one end is a silica rod, with a small foot just in contact 
with the film surface, at  the other is a counterpoise. Any 
increase in thickness (swelling) throws this off balance, the 
deflection being optically magnified. Balance is restored by 

5 
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FIG. 1 0 - I N F L U E H C E  OF "HYPO" CONCENTRATION ON TIME OF F r X A l l O N  
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the  micrometer screw, and the change in thickness read. 
In Fig. 9 is shown the swelling of a film in an acid solution. 

It is not possible here to deal with the data obtained in 
relation to photographic development. Certain obvious 

30 40 50 60 10 
clvrn . -  

FIG. 11-INFLUZNCG OF SWELLING ON TIME OF FIXATION 

deductions from the data given are, however, of interest. 
First, it  will be seen that gelatin a m s  and emulsions tend to 
assume, if not an equilibrium, a t  least a stationary value, 
fairly rapidly. In  solutions of alkaline carbonates and sul- 
fites, although alkaline, the swelling is less, for concentrations 
above 5 per cent, than in water, and this depressing effect 
increases rapidly with the concentration of the salt. This 
effect is taken advantage of in preparing developing solutions 
for use at high temperatures, as in the tropics. It may be 
further noticed that the maximum swelling developed with 
gelatin on rigid supports tends to be considerably less than 
that obtained, a t  the same temperature and pH, with gelatin 
not attached to a rigid support. In  the latter case there is 
some dilation in all directions, whereas the photographic 
layer can only swell normally to the support. If by any 
meansz0 the swelling is forced beyond the limit compatible 
with this normal swelling, so that the tangential swelling 
pressure comes into play, two things may happen-the gelatin 
may frill and float off the support, or reticulation may occur. 
This is the production of a network pattern over the a m ,  
which spoils the appearance, particularly since the silver 
particles of the image concentrate in the ridges. Such 
reticulation is particularly marked after treatment of gelatin 
with a tanning agent, followed by warm water. 

FIXATION 
The use of an acid-fixing bath, primarily to keep down 

developer stain, involves, as already stated, passage of the 
gelatin through the isoelectric point of minimum swelling 
(pH =4.8). Evidently, if the acidity were considerable, so 
that pH approached 3-2, the swelling pressure might increase 
sufficiently to cause trouble. Actually, however, the pH 
of a fixing bath, containing sodium thiosulfate and sodium 
sulfite, cannot be much less than 4, for otherwise sulfur would 
be precipitated. The influence of the swelling factor on the 
rate of fixation (solution of silver bromide in “hypo” solution) 
is brought out in Figs. 10 and 11. The time of fixation is a 
minimum for a concentration of thiosulfate of about 40 per 
cent, above which it again increases. This is due to the fact 
that from this point on the reduction of swelling more than 
compensates for mass action. 

The relatively anti-swelling, or temporary hardening effect 
of the acid-fixing bath is generally reinforced by the addition 

2 0 s .  E. Sheppard and F. A. Elliott, “The Reticulation of Gelatin,” 
THIS JOURNAL, 10 (1918), 727. 
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of true hardening (tanning) agents, such as potash alum, 
chrome alum, or formalin. The hardening action of alums 
is of great importance photographically, and the writer and 
his collaborators are making an extended study of the physico- 
chemical conditions. The influence of the H-ion activity, 
(measured with a hydrogen electrode) on the hardening action 
of a solution of potash alum (Ki304.AIz(S04)3.24H20) is 
shown in Fig. 12. 

The melting points, given as ordinates of the curve, were 
not determined as noted previously, but directly in water in 
which the jelly was immersed after it had been soaked a 
given time in the hardening bath. This corresponds to the 
conditions in photographic practice. It will be seen that 
all the solutions give a maximum a t  the same pH, about 
4.0; this was not changed by altering the pH of the gelatin 
by previous immersion in acid or alkaline solutions. In  
absence of alum, the maximum occurs a t  a pH of 4.7 to 4.8, 
so that the displacement by the aluminium seems definite. 
From J. Loeb’s work on the influence of cations, and specifi- 
cally of AI+++ on the properties of gelatin,21 it would seem 
we should anticipate the maximum hardening a t  a pH > 4.7, 
for pH > 4.7 gelatin combines only with cations, pH < 4.7, 
only with anions. 

A consideration of the state of aluminium itself in relation 
to H-ion activity is necessary here, and is roughly indicated 
in the diagram: 

Gelatin 
Combines with 

Cations 
7 

Alumiaium 
3-4.7- 

as A+++ I Al+++[AlrO~]% I as A10~--- 

I Gelatin 
Combines with 

Anious 

pH Aluminium 

FIO. l&INrLUSNCB O# pH ON ALUM HARDENINQ OF GlLhTIN 

91 J .  General Physiol., 1 (1918), 503. 
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35 ‘ 1  
FIG. 1 3 - c U R V E S  1, 2, 3, 4: 3 P E R  CENT ALUM AND 0.5 P E R  CENT CITRIC. 

CURVES 1, 3:  1 PER CENT SODIUM SULFITE. CURVES 2 ,  4: 2 PER 
CENT SODIUM SULFITE. C U R V E S  3 , 4 :  25 P E R  CENT HYPO 

Aluminium commences to precipitate as hydrous alumina, 
a t  pH=3;  precipitation is complete a t  pH=7, beyond which 
alumina goes into solution as aluminates. Between p H = 3  
and p H = 7  there probably exist complexes, of the type 
AI+++ [A120a]z, which are positively charged, and could com- 
bine with a negatively charged gelatin ion.22 The present 
results point definitely, however, to combination of AI with 
gelatin a t  a pH < 4.7, and it appeam possible that this is a 
mean value, and that some gelatin capable of combination 
with cations exists for pH < 4.7. We do, however, find that 
the addition of sodium sulfite and sodium thiosulfate, as used 
in making an acid-fixing and hardening bath, displaces the 
pH of maximum hardening to values 24.7 (Fig. 13). This 
is possibly due to stabilization of the positively charged 
Al complexes, and is under investigation. There is another 
interesting point in this connection. In an acid-fixing bath 
pH cannot be much less than 4, otherwise suEfur will be pre- 
cipitated from sodium thiosulfate. Yet, if pH is > 4, alumina 
will tend to precipitate and the bath will become useless. 
This impasse is overcome by using as the acidifier such organic 
acids as citric, tartaric, etc., which form complexes with 
aluminium and prevent precipitation by hydroxyl ions. 
This complex formation lowers the hardening action, as 
shown in Fig. 14, since the complex formation removes 
Al+++ ions, and it is necessary to  increase the alum content 
to secure effective hardening. Loeb20 has suggested that 
the antagonistic effect of citric acid on the combination of 
gelatin with aluminium is due to its being tribasic, neutralizing 
a trivalent cation. This is not the case. The antagonistic 
action is due to the complex formation, and is shown by other 
monobasic and dibasic organic acids, particularly hydroxy 

28 The formation of complex aluminium anions may commence earlier. 

FIG. 14-INFLUBNCE OF CITRIC ACID ON HARDENING OF GELATIN BY ALUM 
(0.5 AND 1 P E R  CBNT CITRIC ACID) 

acids. The hardening action of chromium salts is governed 
by similar conditions, with certain singularities under investi- 
gation, and the behavior of dichromated gelatin is closely 
connected with these tanning reactions. It is now in order 
to note briefly the operations of washing and drying gelatin 
plates and films. Washing out substances, such as “hypo,” 
etc., from gelatin follows in general the law regulating the 
washing of precipitates. Two things may, however, be 
noted. On washing out strong electrolytes from gelatin, 
it  will tend to approach the isoelectric point, but if hy- 
drolyzable substances are present, the gelatin will retain 
unequal amounts of the basic or acidic constituents, the 
excess depending upon conditions. 

It has been impossi- 
ble, in the space a t  my 
disposal, to discuss the 
many important, if in- 
cidental, roles played 
by gelatin in devia- 
tions from or develop- 
ments of the straight 
process of negative 
making. Such are the 
incidents of hydrolysis 
and oxidation of the 
gelatin in photographic 
operations, its capacity 
for absorption and fixa- 

others. Again, the 
simple operation of drying shows interesting features, 
of which one only may be mentioned as bearing upon 
the so-called stmcture of gelatin jellies. Fig. 15 illus- 
trates three typical suggested structures-wiz., the Roney- 

tion of dyes, and many [no. 15-sUGGESTED STRUCTURBS OF 
GELATIN JBLLIBS 


